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MEN1 是多发性内分泌腺瘤 1 型（MEN1）综合征发生的关键抑癌基因，编码
一个含有 610个氨基酸残基的蛋白质 menin。在多种人类疾病如垂体瘤、甲状腺
肿瘤、胰岛素瘤等内分泌肿瘤中都发现 MEN1 的突变。进一步的研究表明，menin
在白血病中有着相反的功能。Menin 通过与 mixed lineage leukemia proteins 
(MLL) 相互作用，促进组蛋白 3号第 4位的赖氨酸三甲基化（H3K4me3），进而上







体 anaplastic lymphoma kinase（ALK）的表达而实现的。Menin 结合到 PTN 的
启动子上，通过提高由 Polycomb家族成员 enhancer of zeste homolog 2（EZH2）
介导的组蛋白 3 号第 27 位的赖氨酸三甲基化（H3K27me3）进而抑制其表达。进
一步的研究表明，menin不仅能够抑制肺癌细胞的增殖，而且抑制肺癌细胞的迁
移。Menin通过抑制 PTN的表达，进而间接的抑制其另一受体 protein tyrosine 
phosphatase beta/zeta（RPTP β/ζ）的表达，并同时调控多种与迁移相关的
信 号 通 路 ， 包 括 integrin αvβ3 、 focal adhesion kinase （ FAK ）、
phosphatidylinositol 3-kinase（PI3K）及磷酸化的 extracellular signal 
regulated kinase 1/2（pERK1/2）。 
进一步的研究揭示 menin 在体内和体外都受到 small ubiquitin related 
modifier（SUMO化）的翻译后修饰，并且 SUMO 蛋白酶能够显著的降低 menin的
SUMO 化。质谱分析结果显示，menin蛋白上第 591位的赖氨酸（K591）通过 G-G
结构域共价结合 SUMO1分子。Menin C末端片段上 591位的赖氨酸被突变后不能
















合，暗示多个 SUMO化位点的存在。Menin与 SUMO的融合蛋白或 591位赖氨酸突
变为精氨酸的突变体仍可以调控小鼠成纤维细胞的增殖及下游分子的转录。 






















Menin is a 610 amino acids nuclear protein, encoded by the multiple endocrine 
neoplasia type 1 (MEN1) gene. Many mutations of menin has been found in various 
tumors, including pituitary tumors, thyroid tumor, insulinoma and other endocrine 
tumors. Further studies revealed that menin has the opposite functions in leukemia. 
Menin promotes Hox genes expression and further leukemia by interacting with 
mixed lineage leukemia proteins (MLL), histone methyltransferases that catalyze 
histone 3 lysine 4 trimethylation (H3K4me3) with their highly conserved SET domain. 
Nonetheless, whether menin affects other types of non-endocrine tumors remains 
unclear. As a tumor suppressor in endocrine tumor but tumor promoter in leukemia 
cells, menin functions in part through epigenetic regulation of transcription by 
interacting with chromatin modifying enzymes. Menin is phosphorylated at serine 
residues; however, whether menin has other functional post-translational 
modifications is unclear. 
In this study, we show that menin inhibits proliferation of human lung cancer 
cells and growth of lung cancer in mice. The menin-mediated tumor suppression 
requires repression of growth factor pleiotrophin (PTN), which binds to its cell 
surface receptor, anaplastic lymphoma kinase (ALK) activated in certain lung 
adenocarcinomas. Notably, menin binds the PTN locus and enhances Polycomb gene 
enhancer of zeste homolog 2 (EZH2)-mediated histone 3 lysine 27 trimethylation 
(H3K27me3), a negative mark for gene transcription but does not affect H3K4 
methylation that is usually upregulated by menin in leukemia cells. Further results 
show that menin also can regulate lung cancer cell migration, which is mediated by 
PTN and its another cell surface receptor, protein tyrosine phosphatase beta/zeta 
(RPTP β/δ). Ectopic menin expression significantly represses PTN transcription, but 
indirectly inhibits RPTP β/δ expression through repressing PTN. Further studies 
reveal that menin-regulated cell migration through PTN/RPTP β/δ, in conjunction 
















and phosphorylated extracellular signal regulated kinase 1/2 (pERK1/2).  
Furthermore, we report that menin is SUMOylated by SUMO1 in vivo and in 
vitro, and the SUMOylation is significantly reduced by a SUMO protease. Mass 
spectrometry results showed lysine 591 (K591) was covalently attached with G-G 
motif of SUMO1. Further studies showed menin C-terminus fragment with K591 
mutation was not SUMOylated with Ubc9 in vivo. However, full length menin with 
K591 mutation in cells co-transfected with SUMO1 was SUMOylated in vivo 
suggesting existence of multiple SUMOylation sites. K591R mutant or menin-SUMO 
fusion protein retains the ability to regulate the proliferation of MEF cells and the 
expression of downstream target genes. 
Together, our findings provide mechanistic insights into the molecular basis for 
menin/PTN signaling network-mediated regulation of lung cancer cell and we first 
find menin has the SUMOylation post-translational modificaiton and the lysine 591 is 
one of the SUMylation sites. 
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